The elucidation of the nature of colicines has been an engrossing problem which this laboratory first undertook some ten years ago.' Colicines are potent bactericides which are elaborated by many strains of Enterobacteriaceae.2 Our work has revealed that at least two of the colicines, V and K, either are intimately associated with the type specific 0 antigen of the bacilli from which they are derived or are identical.3' 4 It will be recalled that 0 antigens are complex macro-molecules constituted from protein, lipid, and polysaccharide.6 It is these substances which endow many Gram negative bacilli with immunological specificity and toxic properties as well. Throughout our research, we have never lost sight of the possibility that the colicine itself might indeed be a separate chemical entity which merely accompanies the 0 antigen. It is our belief, however, that this is not the case, largely because all efforts to separate the two have been fruitless.
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The use of substituted cellulose derivatives for the separation of complex mixtures of biological origin has proved so successful in the hands of others,6 that we have employed them in an attempt to separate colicine K activity from the 0 antigen of the colicinogenic bacillus E. coli K235. The following is an account of our investigation.
Preliminary experiments revealed that antibacterial activity could be readily adsorbed by DEAE cellulose from a solution of colicine K in tris buffer 0.05 M at pH 8.0 (ratio of adsorbent to colicine 50:1). The colicine activity was released by elution with the same buffer at lower pH and at higher ionic strength (0.3 M tris-0.5 M NaCl, pH 7.2.). A large scale chromatographic experiment was now performed. 60 gm of DEAE cellulosef free of UV-absorbing material, was suspended in 0.05 M tris at pH 8.0. The slurry was packed in a column (4.5 X 40 cm) which was maintained at 40C and the cellulose washed with 2 liters of the same buffer. A solution of purified colicine K (1.2 gm in 80 ml of 0.05 M tris, pH 8.0) was permitted to flow into the column by gravity. The collection of 100 ml samples of effluent was started at this point (flow rate 70 ml/hr); the initial eluant was 600 ml of the pH 8.0 buffer. The adsorbed material was eluted from the column with 7 liters of tris-NaCl buffer. The concentration of the latter was gradually changed by allowing a solution of 0.3 M tris-0.5 M NaCl at pH 7.2 to flow into an Erlenmeyer mixing flask 7 containing 4 1 of 0.05 M tris at pH 8 The eluates were now combined to form five fractions as indicated in the figure. The solutions were evaporated in vacuo, dialyzed, and then freeze-dried. At the termination of the experiment, the column was extracted with 200 ml of 0.2 M NaOH and washed with 1 1 of water, and the pigmented material which dissolved (fraction 6) was recovered.
The amounts of the several fractions recovered and the antibacterial activity of each are given in Table 1 . Colicine activity was measured by placing 0.02 ml samples of solutions of the various fractions in decreasing concentrations upon a nutrient agar Petri plate which had been seeded with 5 X 107 cells of E. coli B and observing the inhibition of growth following incubation.3 The nitrogen, phosphorus, carbohydrate, and protein content of each fraction was also determined, and the ratio of carbohydrate to protein was calculated. These data are also recorded in the table. In addition, the ultraviolet absorption spectrum of each fraction was measured. The spectra are shown in Figure 2 . It is evident from the data presented in the first figure that purified colicine K, which had previously been found to be electrophoretically homogeneous,3 is chro- shows strong absorbance and a sharp peak at 258 mAm. This, coupled with the fact that the material has a relatively high N and P content, indicates that it may well be a complex between the colicine itself and a nucleotide. In this regard, it might be recalled that a portion of the colominic acid, a polymer of n-acetyl neuraminic acid, elaborated by the colicinogenic bacillus E. coli K2358 also occurs as a nucleotide.9
The antibacterial or colicine activity of the various fractions shows only slight variation (Table 1) . Except in the case of fraction 6, it is questionable whether these differences are significant. It will be recalled that fraction 6 as measured by their nitrogen, phosphorus, and total carbohydrate content. It has always been a question in our minds whether these differences arise as a result of manipulation, gentle as it may be, or whether the 0 antigen is layed down by the bacillus not as a single molecular species but as a mosaic of very closely related macromolecules having slight variations in chemical make-up. If this is indeed the case, then it is quite possible that differences in reactivity might be attributed to differences in the number and distribution of the terminal saccharides responsible for the serological specificity of the 0 antigenic complex.11
If one examines the original colicine K employed in these experiments for serological homogeneity by agar diffusion12 using the same colicine K antiserum as that employed above, it is seen that the substance, as we have prepared it, gives a single strong band and a slight second diffuse zone (Fig. 4a) . The latter we know to be due to contamination with bacterial protein.13 After subjecting the colicine to chromatography, this contaminant is found concentrated in fraction 1 (Fig. 4a and  4b) , the fraction which was not retained on the column at the initiation of the chromatographed colicine was also indistinguishable (Fig. 4c) . This fact adds considerable support to our initial observation that colicine K, as it is obtained from the culture medium of E. coli K235 by chemical fractionation,3 is chromatographically heterogeneous and that it can be successfully fractionated to yield a main component which is chromatographically and serologically homogeneous. In this respect, the reader is reminded of the interesting work of Sober and his collaborators, who have shown that purified hemoglobin also shows chromatographic heterogeneity. '4 By far the most pertinent observation which has been revealed by our investigation, however, is that the 0 antigen of E. coli K235 and colicine K activity cannot be separated by the chromatographic technique employed. This fact adds strong support to our hypothesis that colicine activity is an inherent property of the o antigen of the colicinogenic bacillus E. coli K235.
Conclusion.-The 0 antigen of E. coli K235 can be separated chromatographically into a series of fractions having different affinities for DEAE cellulose. These fractions are very closely related chemically. Though their avidity for homologous antibody exhibits variation, they are serologically homogeneous, save for one. All of the fractions have nearly identical colicine K activity. It has not been possible to separate the bactericidal activity from the 0 antigen of E. coli K235. This fact adds considerable support to the hypothesis that colicine K is an integral part of the somatic 0 antigen of this bacillus.
The author wishes to express his gratitude to Stanford Moore for his generous advice on the execution of the chromatographic experiments described in this communication. Communicated by E. L. Tatum, December 12, 1961 Earlier work with streptomycin-dependent (Sd) mutants of E. coli and Salmonella demonstrated that cells grown in streptomycin medium and then deprived of antibiotic continued to make protoplasm but soon ceased to produce new colony-forming elements. Microscopic observation of such streptomycinstarved cultures revealed that the short rods which were present in the streptomycin-supplemented parent culture had now grown to long filaments.16 21, 27 These results indicated that division was inhibited in streptomycin starvation and, conversely, that streptomycin was required for septation in the Sd mutants. The question remains whether streptomycin is directly required for division or whether this process is blocked as a secondary consequence of streptomycin limitation.
Past work in our laboratory has indicated that under certain special conditions bacterial multiplication may occur through a process other than the normal division mechanism." 14 Utilizing these conditions, it has now become possible to test whether the streptomycin requirement may be eliminated by bypassing the normal septation process.
The special conditions that appear to obviate the need for the normal septation process arise in bacteria that have been converted to the L form by penicillin. In Salmonella paratyphi, two types of L forms are encountered:10 At 20 units of penicillin per ml, most or all of the bacteria give rise to L colonies in 48 hr. These L colonies consist of spherical, osmotically sensitive cells which begin to revert to the bacillary form as soon as penicillin is withdrawn. Colonies of reverting L forms are produced by Salmonellae on a variety of solid penicillin media-on gelatin, hard or soft agar, or on membrane filters. Below 20 units of penicillin per ml, the Salmonella spheroplasts or large bodies can divide in liquid media and retain adsorption sites for all the seven phage strains tested.
